INTRODUCTION {#sec1-1}
============

Inflammatory bowel diseases (IBDs) including ulcerative colitis (UC) and Crohn\'s disease are chronic inflammatory disorders of the gastrointestinal tract ([@ref1]). They are defined by macroscopic and histopathologic features including mucosal inflammation that extends proximally from the rectum to a varying degree, severe inflammation and the coin-cident production of a complex mixture of inflammatory mediators, extensive superficial mucosal ulceration and presence of a significant number of neutrophils within the *lamina propria* and the crypt abscesses. Studies have demonstrated a recent slow increase in the incidence of UC in the world ([@ref2][@ref3]). Pharmacologic treatments of IBDs include drugs of different classes and mechanisms due to the unknown etiology of diseases including aminosalicylates, gluco-corticoids, immunomodulators and anti-tumor necrosis factors ([@ref4]). Evidence exists that complementary medicine as a substantial part of health-care and a growing behavior in many parts of the world has been widely used by IBD patients and high levels of expenditures over these treatments have been reported ([@ref5][@ref6]).

*Prunus armeniaca* L. (Apricot) is a tree classified under Rosaceae family ([@ref7]) and is mostly cultivated in Korea, China, India, Japan, Iran, North Africa and United States of America ([@ref8]).

Apricot kernel is a good dietary source of protein, oil, fibre, phenolic and cyanogenic compounds ([@ref9][@ref10][@ref11]). Oleic acid and linoleic acid are the main components of the oil fraction and pectin polysaccharides, cellulose and hemicellulose are the main polysaccharides ([@ref12]). Apricot kernel has been traditionally used in gastric inflammations, dermatitis and also as a carminative agent. The oil has also been used as laxative and remedy for otitis and tinnitus in drop dosage form ([@ref8][@ref13]).

Pharmacologic studies have also shown antioxidant and radical scavenging properties ([@ref9][@ref14]), antimicrobial activity ([@ref14]) and antitussive effects ([@ref15]) for apricot kernel. Considering above mentioned activities, this study was carried out to determine whether two main fractions of apricot kernel, including extract and extract/oil, could exert anticolitis effects in rat model of experimental colitis.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Extract preparation {#sec3-1}

Sweet apricot kernels were purchased from Maragheh (East Azarbaijan, Iran) in November 2009 and authenticated in Kermanshah Natural Sources Bureau.. Apricot kernels (500 g) were finely powdered and wetted with 500 ml of ethanol for 2 h and 500 ml ethanol was added. After 48 h 500 ml ethanol was added again. Twenty four h later, the extract was filtered through Buchner funnel. The obtained extract consisted of 2 phases (aqueous phase and oil phase). The solvents were evaporated and studies were carried out on the concentrated aqueous phase (extract) and aqueous phase mixed with oil (extract/oil: 50/50 v/v) separately.

### Total phenol content of the fruit {#sec3-2}

Phenolic compounds were determined using the Folin-Ciocalteu method described by Waterhouse and coworkers ([@ref16]). Gallic acid, as the standard for phenolic compound (0.5 g) was dissolved in 10% hydroalcoholic solution and was diluted with water to obtain 0, 50, 100, 150, 250 and 500 mg/L concentrations as the reference solutions. Extract fraction was used as samples solution. Absorbance of blank, reference and sample solutions (Memmert, France) were determined at 585 nm and absorbance-concentration plot was constructed. Phenol concentrations in unknown samples were determined by calibration curve. The phenolic content was expressed as gallic acid equivalent (GAE) of test samples.

### Pectin determination {#sec3-3}

Sweet kernel powder (10 g) was boiled with 40 ml of ethanol 96% for 10 min, the solvent was decanted and 100 ml water was added and boiled again. It was filtered using Buchner funnel. The pH of the solution was adjusted to 6.5 with ammonia solution. It was then concentrated in rotary evaporator and ethanol was added (4 times of the remained residual) and pectin precipitated. Pectin was separated using Buchner funnel and dried at room temperature for 24 h ([@ref17]).

### Animals {#sec3-4}

Male Wistar rats (200 ± 25g) were bred in the animal house of Isfahan University of Medical Sciences and housed singly in wire-bottomed cages under normal temperature, humidity and light/dark cycles conditions where fasted for 36 h before induction of colitis. During the fast time they had free access to water. All experiments were conducted according to the Local Ethics Guidelines for Research on Animals and approved by the Research Committee of Isfahan University of Medical Sciences.

### Chemicals {#sec3-5}

Prednisolone was provided by Iran Hormone Pharmaceutical Co. (Tehran, Iran). Trinitrobenzene sulfonic acid (TNBS) was purchased from Sigma-Aldrich (Buchs, Switzerland). Folin-Ciocalteu reagent and all other organic solvents which were of analytical grade were procured from Merck (Darmstadt, Germany).

### Animal groups {#sec3-6}

Animals were divided randomly into 13 groups of 6 animals each including: sham group; without colitis induction and treated with extract vehicle (normal saline), control group: treated with vehicle 6 h after colitis induction which continued for 5 consecutive days, extract groups treated with kernel extract orally (p.o.) (100, 200, 400 mg/kg) and intraperitoneally (i.p.) (100, 400 mg/kg), extract/oil groups treated with kernel extract/oil (100, 200, 400 mg/kg) only by oral route. Reference groups treated with prednisolone 5 mg/kg (p.o. or i.p.) separately. All treatments were made the same as control group.

### Induction of experimental colitis {#sec3-7}

Fasted rats were lightly anesthetized with diethyl ether inhalation. Colitis was induced by instillation of 0.3 ml TNBS (50 mg/kg) intra-rectally. Rats were held in a vertical position for 30 s to ensure that solution doesn't leak out and were returned to their cages. After colitis induction, rats had free access to water and pelleted chow ([@ref18][@ref19]). Six h after colitis induction treatments were started and repeated daily for 5 consecutive days ([@ref19][@ref20]).

### Scoring of lesions and pathological evaluation {#sec3-8}

At the day 6 (24 h after the last treatment), rats were euthanized by ether overdose inhalation. Abdomen was opened and 8 cm of colon and 3 cm proximal to the anus was excised, incised longitudinally and washed with normal saline solution. Then the tissues were weighed and weight/length ratio was calculated for each specimen. Ulcer area was measured using 3M® (USA) scaled tape and ulcers were scored (0-4) by the criteria described by Morris and coworkers ([@ref21]). Macroscopic scores were: 0=no ulcer, 1=mucosal erythema only, 2=mild mucosal edema, slight bleeding or slight erosion, 3=moderate edema, bleeding ulcers or erosions, 4=severe ulceration, erosions, edema and tissue necrosis and perforation. Ulcer index was the result of summing ulcer severity and ulcer area which can be a good indicative of macroscopic lesions ([@ref20][@ref22]).

The colon tissues were also fixed in 10% formalin solution and then were embedded in paraffin, processed and sectioned into 4 μm-thick slices and samples were stained with hematoxyllin and eosin. Microscopic studies were carried out using a Zeiss® microscope equipped with a Sony® color video camera for digital imaging. Inflammation score was graded from 0 to 3 depending on the severity of the inflammation and infiltration of immune cells. Inflammation extent was graded from 0 to 3 with regard to the width of colon membrane affected by colitis including mucosa, sub-mucosa and transmural layers. Crypt damage was graded from 0 to 4 considering the damage of crypt and epithelial cells ([@ref23][@ref24][@ref25]). Total colitis index (TCI) was calculated by summing inflammation severity, inflammation extent and crypt damage ([@ref19]).

### Data analysis {#sec3-9}

Data were processed by SPSS statistical software (version 15). Non-parametric data were analyzed by Mann-Whitney U test. Results are expressed as mean ± standard error of mean (SEM). Differences between groups were determined using one-way analysis of variance (ANOVA) with Scheffe multiple comparison test. Statistical significance was set at *P*\<0.05.

RESULTS {#sec1-3}
=======
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### Phytochemical analysis {#sec3-10}

Polyphenol compounds determined three times by Folin-Ciocalteu method yielded 3.91 ± 0.1%. Pectin assay yielded 3.71 ± 0.2% after three times measurements. Ethanolic extract yielded 14.0% dry matter after condensation and drying processes. Oil fraction achieved 15.0% of total extract following extraction processing.

### Macroscopic assessment {#sec3-11}

Macroscopic damages of the colon revealed significant edema, mucosal hyperemia, erosion and ulceration in normal saline treated (control) groups. Sham group showed no changes suggesting that handling and surgical procedure had no interference with experimental outputs. Treatment with prednisolone as reference drug reduced damage scores including ulcer score, ulcer area, ulcer index and weight/length ratio (at least *p*\<0.01) after both the oral or i.p. administrations. The groups treated with apricot kernel fractions showed a significant decrease (at least *p*\<0.05) in macroscopic parameters excluding groups treated with extract and/or extract/oil orally at 100 mg/kg dose ([Table 1](#T1){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). There were no significant differences between effective doses (200, 400 mg/kg) of apricot kernel fractions with reference drug, prednisolone administered by the same route.

###### 

Macroscopic parameters of TNBS-induced colitis in rats treated with different doses of Apricot kernel extract and extract/oil fractions.

![](RPS-9-225-g001)

![Macroscopic presentation of TNBS-induced colitis in rats. A; Normal colon treated with normal saline, B; Normal saline treated (control) colitis, C; Prednisolone (4 mg/kg, i.p.) treated colitis, D; Apricot kernel extract treated colitis (400 mg/kg p.o.).](RPS-9-225-g002){#F1}

### Histological assessment {#sec3-12}

Microscopic evaluations yielded highest level of immune cells infiltration, epithelium and crypt damage in normal saline treated (control) groups supporting the results from macroscopic data. No histological damage was observed in sham (normal) group. Reference drug, prednisolone reduced inflammation severity and inflammation extent, crypt damage, and total colitis index (at least *p*\<0.05) regardless of the route of the administration. Apricot kernel fractions were also effective to reduce the histological parameters as shown in [Table 2](#T2){ref-type="table"} and [Fig. 2](#F2){ref-type="fig"}. This was comparable with prednisolone efficacy after similar route of administration. Similar to macroscopic findings, fractions of extract and oil/extract at the dose of 100 mg/kg by oral route were not effective to alleviate tissue damages histopathologically.

###### 

Microscopic parameters of colitis induced by TNBS in rats treated with Apricot kernel extract and extract/oil fractions.

![](RPS-9-225-g003)

![Histological sections of colons in selected groups of TNBS-induced colitis in rats. A; Normal colon treated with normal saline (mucus layer and crypts are normal and leukocyte infiltration is absent), B; Normal saline treated (control) colitis (mucosal and sub-mucosal inflammation as well as crypt damage and leukocyte infiltration are evident) C. Prednisolone (4 mg/kg, i.p.) treated colitis, D; Apricot kernel extract treated colitis (400 mg/kg p.o.). Hematoxyllin and eosin staining with low power (× 10) magnification.](RPS-9-225-g004){#F2}

DISCUSSION {#sec1-4}
==========

To investigate the etiology of IBD, animal models of experimental colitis have been developed and are frequently used to evaluate new anti-inflammatory and anticolitis treatments. Several models of experimental colitis that demonstrate various patho- physiological aspects of the human disease have been described. Colitis induction by hapten reagent TNBS was chosen due to the similarities in the pattern of pathogenesis with human IBD ([@ref26]).

Several traditional medicines have been studied for their effects on TNBS-induced colitis such as *Cydonia oblonga* ([@ref19]), *Rosmarinus officinalis* ([@ref21]) and *Ginkgo biloba* ([@ref27]). In this study apricot kernel was chosen due to its anti-inflammatory and antioxidant effects suggested in previous researches ([@ref9][@ref14]). Ulcerations of the mucosa, edema, and influx of inflammatory cells are the most important local pathologic changes observed during colitis produced by TNBS ([@ref28]). In this model, increased Th1 cytokines production including interferon-gamma (IFN-γ), activation of macrophages, production of tumor necrosis factor (TNF-α) and IL-1β occur ([@ref28][@ref29]). IL-4 also plays an important role in inflammation and regulation of immune response ([@ref29]). Amygdalin present in the apricot kernel can inhibit TNF-α and IL-1β which can be attributed to the transcriptional suppression of the mRNA expression of pro-inflammatory cytokines ([@ref30]). TNBS can also increase the formation of free radicals in colon tissue ([@ref31]). Studies have shown that apricot kernel extract with high propensity for radical scavenging can stabilize the cell membrane and prevent the oxidation of membrane lipids ([@ref14][@ref32]).

Polyphenolic compounds of apricot kernel extract isolated in this study consist of a large group of active materials like tannins which could repair intestinal mucosal layers by precipitation of the microproteins on them protecting the layers against chemical injuries and proteolytic enzymes ([@ref33][@ref34]).

Pectin is another ingredient found in significant amount in apricot kernel extract ([@ref11][@ref12]). It is supposed that pectin has prominent role in protection against the chemical induced colitis as have been reported previously ([@ref35]). Pectin can be fermented by microorganisms within the gut to form short chain fatty acids and these fatty acids can be consumed by epithelial cells to stimulate cell proliferation on colon mucosal layers ([@ref36]). The beneficial effect of pectins against peptic ulcers has been previously suggested by Hamauzu and coworkers in the study of *Cydonia oblonga* anti-ulcerative effect ([@ref37]).

Control groups demonstrated highest level of inflammation, necrosis and infiltration of the immune cells considering macroscopic and histopathologic evaluations and confirmed the method\'s efficacy. Prednisolone treated groups showed significant reduction in all macroscopic and histopathologic scores; however, it was not able to normalize the affected areas. This could be attributed to the short period of treatment and/or acute method of chemically induced model of colitis ([@ref21][@ref22]).

The results of the study, especially those obtained with the dose of 100 mg/kg, showed that intraperitoneal treated groups demonstrated better outcomes than those treated orally which can be attributed to the higher bioavailability of active components after intraperitoneal injection. By comparing the results of groups treated with extract and extract/oil fraction, it is concluded that oil fraction did not exhibit ameliorating effect whilst it was safe and did not interfere with beneficial anti-inflammatory and anti-ulcerative effects of the extract. It should be remembered that apricot kernel oil is an important and inseparable component of apricot kernel and whole apricot kernel extract could be a good alternative for IBD alleviation. More experiments with oil fraction alone are highly recommended to clarify the efficacy of this component on diminishing the bowel inflammation and its probable role in IBD therapy or prevention.

CONCLUSION {#sec1-5}
==========

Our results suggest that apricot kernel extracts can ameliorate the colon inflammation and ulcers in TNBS experimental model of colitis in rats. Different active components and mechanisms may be involved in these beneficial effects, thus more detailed studies are needed for more accurate clarification. Results of further studies can support the application of apricot kernel fractions as complementary medicines in colitis treatment.
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